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AMONG APPROXIMIATELY 100 splenec-
tomies performed at the Indiana University
Medical Center, five have been carried out
in infants under the age of six months. It is
specifically with this group of five cases, and
more particularly with their susceptibility
to infection after operation, that this paper
is concerned. Four of the five infants devel-
oped either meningitis or overwhelming
meningococcemia in from six weeks to three
years after operation and one of the four
died of the infection. The fifth child was
returned to the hospital a few days after
discharge following splenectomy with a
rapidly fatal febrile illness, suggestively
infectious in nature.

In an effort to learn whether this extraor-
dinary association of splenectomy in in-
fancy and subsequent susceptibility to
severe infection had been observed by
others, the literature dealing with splenec-
tomy was carefully reviewed. Little perti-
nent information was obtained. The age at
which the operation was performed is not
mentioned in many reports and in only a
very few instances is it stated that splenec-
tomy was carried out during the first six
months of life. Furthermore, most of the
reports do not include sufficiently long fol-
low-up studies to establish or rule out sub-
sequent serious infection. One interesting
account2 was found, however, of a prema-
ture infant born at 35 weeks of gestation
and treated by splenectomy 14 hours after
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birth for acute thrombocytopenic purpura.
The child made a good recovery from the
operation and the platelet count rose to a
normal level. The baby continued to do
well until the twenty-first postoperative
day, when there suddenly developed an
overwhelming bacteremia. Death oc-
curred in spite of intensive antibiotic ther-
apy. Postmortem examination revealed
only evidence of severe sepsis.

CASE REPORTS

Each of the five cases had a well estab-
lished diagnosis of congenital hemolytic
anemia with typical hematologic picture
including the presence of spherocytes and
evidence of increased erythrocyte fragility.
In four of the five cases there was a family
history of congenital hemolytic anemia. In
each case splenectomy was carried out with
ease and, when present, accessory spleens
were removed. The five cases include two
pairs of siblings. In neither case, however,
did the infection in the two siblings occur
at the same time and, consequently, there
was not present the problem of transference
of infection from one to the other.

Case 1.-The patient was admitted to the hos-
pital at 3 weeks of age. His mother had had a
splenectomy for congenital hemolytic icterus. He
was slightly jaundiced and the spleen was palpable.
There was anemia of severe degree. After a num-
ber of blood transfusions, splenectomy was per-
formed on the twelfth day of his hospital stay. The
postoperative course was excellent, with prompt
rise of hemoglobin and red blood count to rela-
tively normal limits.
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Approximately 1 year after the first admission
the patient, now twelve and a half months old, was
re-admitted to the hospital. He was acutely ill.
The temperature was 104°F. There was nuchal
rigidity and a petechial rash was present over most
of the body. The spinal fluid contained 4000 leuko-
cytes per cu. mm. and meningococci were found
in cultures of the blood and spinal fluid. The
patient was treated vigorously with sulfadiazine
and penicillin and made an uneventful recovery.

Case 2.-This patient, a sister of the patient in
Case 1, was born in the hospital and was noticed
to have jaundice the following day. The spleen
was enlarged. After a number of transfusions
splenectomy was performed when the child was
3 weeks old. The postoperative course was un-

complicated.
She was re-admitted at the age of 6 months.

There was a five-day history of fever and irritabil-
ity which had improved temporarily following a
short course of sulfadiazine therapy. On admission
to the hospital the infant was acutely ill and had
marked nuchal rigidity. The spinal fluid contained
417 leukocytes per cu. mm. However, no bacteria
were found on smear or culture. The patient was
treated with penicillin and sulfadiazine and grad-
ually recovered. The final diagnosis was menin-
gitis, causative organism undetermined.

Case 3.-This patient was admitted to the hos-
pital at 3 days of age because of jaundice of 1
day's duration. His father had had a splenectomy
for congenital hemolytic icterus. The spleen was
enlarged. Splenectomy was performed when the
infant was 15 days old. The immediate postoper-
ative course was excellent.

The patient was next admitted at the age of
2Ji months because of paroxysms of coughing. A
diagnosis of whooping cough was made. Recovery
was prompt. When the child was six months old
there was a third admission to the hospital, neces-

sitated by diarrhea for which no specific organism
was found. She recovered without difficulty and
was discharged two weeks later in good condition.

At the age of eight and a half months she was

admitted for the fourth time with a 12-hour history
of irritability, a convulsive seizure and a petechial
rash on the face and body. She was obviously
acutely ill. A diagnosis of meningococcemia was

made and intravenous sulfadiazine and penicillin
therapy was begun, but the patient died a few hours
after admission to the hospital. Both blood cultures
and spinal fluid cultures were positive for meningo-
cocci. Autopsy revealed no evidence of meningitis.
Both suprarenal glands were found to be markedly
hemorrhagic. The final postmortem diagnosis was

meningococcemia associated with the Waterhouse-
Friderichsen syndrome.

Case 4.-This patient, a brother of the patient
in Case 3, was first admitted at the age of 5 months
because of severe anemia. The spleen was pal-
pable at the level of the umbilicus. After a number
of transfusions splenectomy was carried out. He
was then approximately 6 months old. The post-
operative course was uneventful and the hemo-
globin and erythrocyte count promptly rose to a

relatively normal level.
The child was next admitted at the age of 2ii',

years with a two-day history of pharyngitis and
fever. He was irritable, lethargic and had a right
lateral nystagmus. These findings cleared rapidly
without specific therapy, and although encephalitis
was suspected a definite diagnosis was not es-

tablished.
He was re-admitted a year later when he was

three and a half years old. For 2 weeks he had
complained of a sore throat and episodes of stiff-
ness of the neck. He had been treated with peni-
cillin and sulfadiazine. Physical examination at
the time of admission revealed nuchal rigidity. The
patient was found to have meningitis due to
Hemophilus inflenza, type B. He was placed on

dihydrostreptomycin and sulfadiazine and made an

uneventful recovery.

Case 5.-The patient was first admitted at the
age of 13 days because of jaundice of 5 days' dura-
tion. The spleen was enlarged. Splenectomy was

performed when the child was two and a half
months old. She was apparently doing quite well
until the seventh postoperative day when a dehis-
cence of the abdominal wound occurred. The
wound was immediately re-sutured and the baby
seemed to suffer no ill effects. About two weeks
later she was discharged.

Two days after the baby left the hospital she
developed a low grade fever and vomiting. On the
following day the temperature rose to 1040 and the
patient's physician gave her penicillin. On the next
day the baby was re-admitted to the hospital. She
was acutely ill and severely dehydrated. The tem-
perature was 103° and the leukocyte count 29,400.
Penicillin, oxygen, whole blood, plasma and in-
travenous fluids were given, but the patient died
on the third hospital day at the age of three and
a half months. Permission for autopsy was refused,
and a definite cause of death was not clearly
established.

DISCUSSION

Though our series of cases in which sple-
nectomy was performed during the first six
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months of life is small, the subsequent
development of serious infection was so

constant as to suggest a cause-effect rela-
tionship. It is hoped that experiences of
others with splenectomy in infancy will be
reviewed in order to substantiate or refute
this 'apparent relationship. Unless addi-
tional data should cast doubt upon it, one

would be forced to assume that splenec-
tomy in infancy is fc5llowed by an increased
susceptibility to infection.
Why serious infection apparently tends

to follow splenectomy performed in infancy
and'not in patients splenectomized at an

older age is certainly far from clear. It is
well- known, of course, that age profoundly
affects the function of many of the organs of
the body. There is some evidence recorded
in the literature tending to show that
splenic activity varies with age. Gross1
studied 111 spleens obtained at autopsy and
from the many anatomical and pathologic
changes noted from birth to old age con-

cluded that the spleen probably has 'its
greatest functional activity very early in
life. Marine4 found that age is an impor-
tant factor in the growth of splenic auto-
grafts, and he also concluded that this
organ is most important in early life.
There is a large body of literature con-

cerning the relationship of the spleen to
resistance to infection. This evidence may
be grouped into four categories:

1. Since antiquity, it has been known
that the spleen tends to enlarge in the pres-
ence of certain infections. The results of
postmortem examination in a variety of in-
fections have shown that the spleen re-

sponds to infection with congestion, cel-
lular infiltration, proliferation of the cells of
the macrophage system and hyperplasia of
lymphatic tissue.

2. Many latent infections are reactivated
following splenectomy. One example of
this phenomenon is that of Bartonella muris
infection of rats. It has, however, been ob-
served in many different animals that a

number of types of latent infection are reac-
tivated following splenectomy. Mice, squir-
rels, horses, cattle, apes, and other animals
have shown conversion of latent infection
into manifest disease following removal of
the spleen.7

3. There is some suggestive evidence
that in certain animal species splenectomy
depresses the natural resistance to acute
and chronic infections. Morris and Bullocke
studied the effect of splenectomy in the rat
on the mortality from a spontaneously ac-

quired infection with Bacterium enteritidis
(Gaertner). They concluded that removal
of the spleen temporarily diminishes the
natural resistance of the rat to infection. As
an example of data obtained by them may
be cited one experiment in which 72 imma-
ture rats were splenectomized while an-

other 72 were castrated as controls. During
a period of two months' observation 85 per
cent of the splenectomized rats succumbed
to Bacterium enteritidis infection, and only
29 per cent of the control group. Marmors-
ton5 performed a similar experiment on

mice and concluded that splenectomy in a

strain highly resistant to infection depresses
the natural resistance of these animals to
subsequently introduced acute bacterial in-
fection (Bacterium enteritidis).

4. Since the spleen is the- largest single
reserv.oir of lymphocytes in the body and
sinc,&"the lymphocytes have been demon-
strated to have a major role in antibody for-
mation, the spleen would appear to play a

leading part in this important defense func-
tion. Rowley3 recently carried out experi-
ments on the splenectomized rat in order to
determine whether immunologic responses
were altered. He found that if a small
amount of antigen is given intravenously,
the splenectomized rat responds with a low
circulating antibody titer, whereas high
titers are obtained in non-splenectomized
animals. He also8 studied human subjects
and found that 13 of 14 splenectomized pa-

tients failed to respond with a significant
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risc in antil)ody titer after the intravenous
injection of antigen while, in contrast, all of
the control s,bjects responded with a sig-
nificant rise in antil)odly titcr.

In spite of the known relationship of the
spleen to antibody formation and its dem-
onstrated role in resistance to infection in
certain animal species, no significant haz-
ard of infection appears to follow splenec-
tomy in human adults or children. Our ex-
perience would suggest, however, that
when splenectomy is performed during the
first few months of life there may follow, at
least for a time, an increased susceptibility
to infection. This suggestive experience has
prompted us to undertake animal experi-
ments which it is hoped may throw addi-
tional light upon the problem. It cer-
tainly makes it desirable to analyze other
clinical material in order to establish or
rule out the casual relationship between the
removal of the spleen in infants and the
serious infections we have observed to fol-
low this procedure.
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ADDENDUM

Since preparation of this manuscript we have
learned through correspondence with Dr. C. C.
Ferguson that nine infants with congenital hemo-
lytic anemia, treated at The Children's Medical
Center, Boston, by splenectomy at six months of
age or earlier have developed no serious infection
during a follow-up period ranging from one to six
years. One child treated at seven and a half months
of age did die one year later of tracheo-bronehitis.
Grouping together the patients of Gruber, Redner
and Kogut, our own cases and those of Ferguson,
the incidence of serious infection and death occur-
ring after splenectomy carried out within the first
six months of life is still alarmingly high. Serious
illness has occurred in six of the 15 patients, and
three of them have died.
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